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and after they got adapted to laboratory conditions, they were randomly divided into 3 groups of 10 rats.
Anesthesia and Surgical Procedure:
In all surgical procedures anesthesia was secured through intraperitoneal administration of 100 mg/kg ketamine HCI (Ketalar vial; Parke-Davis, Morris Plains) and 25 mg/kg Xylazine HCI (Rompon vial, Bayer). Following anesthesia, the abdominal areas of all animals were shaved. The abdominal area was cleaned with 10% povidone iodine. Laparotomy was performed with a 3 cm mid-line incision. The common bile duct was identified and only dissected in the first group (sham group). Following dissection of the common bile duct, it was ligated with 4/0 silk just above the pancreas in the second group (control group). After ligation of the common bile duct, the rats were administered 100 mg/kg/ day GSPE through orogastric lavage (under anesthesia) for 10 days in the third group (treatment group). The abdominal wall of all groups were closed with 3/0 polyglactin sutures.
Sampling: All animals were sacrificed by high dose anesthetic material at the end of day 10. Following laparotomy and sternotomy, 5 cc of blood was drawn from the heart for biochemical analysis and tissue samples were obtained from the liver and kidneys for pathologic evaluation.
Biochemical Analysis: Total bilirubin (T.Bil), direct bilirubin (D.Bil), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), urea, creatinine, serum nitric oxide (NO), and malondialdehyde (MDA) levels were analyzed. Blood samples were analyzed by Olympus/AU 5200 (Konsesyum, Alternative Biomedical Services, Dallas, TX, USA). Serum nitric oxide (NO) measurements were carried out by ELISA method using nitric oxide colorimetric assay kits. MDA measurements were manually conducted by Perkin Elmer lambda 25/UV-Vis spectrometers.
Pathologic Evaluation: All tissues were placed in 10% formalin solution for 24 hours for fixation. Tissue tracking procedure was carried out for 16 hours in an autotechnicon processor (Leica ASP300). 5μm-wide sections were obtained from tissues buried in paraffin blocks using microtome knives onto lysine slides. The samples were stained with hematoxylin eosin. The preparations with completed staining were evaluated by a single pathologist using Olympus BX51 light microscope. The tissues were scored according to the following features.
For the Lungs:
A tissue damage evaluation scale was used as was stated in an article by Özdülger et al. (12) . In this scale:
Grade 1 refers to normal pulmonary histology, Grade 2 to mild neutrophil leukocyte infiltration, Grade 3 to moderate neutrophil leukocyte infiltration, perivascular edema formation, partial destruction in pulmonary structure, and Grade 4 refers to intensive neutrophil leukocyte infiltration, total destruction in pulmonary structure. For the Liver: Microabscess caused by cholestasis, widened bile canaliculi, necrosis located in the portal area in the liver were evaluated by light microscopy. The evaluation of bile infarctions and portal area necrosis was carried out according to the largest necrosis area and the size of the biliary infarct area (14) : Grade 1: No biliary infarction and necrosis, Grade 2: The size of the biliary infarction and necrosis is smaller than 1 large enlargement field, Grade 3: The size of the biliary infarction and necrosis is equal to 1 large enlargement field, Grade 4: The size of the biliary infarction and necrosis is larger than 1 large enlargement field.
Statistical Analysis:
The data collected within the framework of this study was evaluated by Statistical Package for the Social Sciences SPSS 15.0 package program (SPSS Inc.; Chicago, IL, USA). Following the execution of the normality test, the differences among groups were studied and non-normally distributed variables in binary groups were studied by the Mann-Whitney U test, while those with normal distribution were evaluated by the Student T test.
While evaluating the differences among the groups, significance level was set at 0.05 and in cases where p<0.05 it was stated that there was a significant difference among groups while in cases where p>0.05 it was expressed as no significant difference among groups.
RESULTS
There was a decrease in daily food and water consumption in the control and treatment groups. Weight loss and tardiness in movement was observed in the groups with obstructive 63 Turk J Surg 2017; 33: 62-68 jaundice. The re-laparotomy revealed only intraabdominal adhesions in the sham group. In addition to intraabdominal adhesions, there was edema in the liver and kidneys as well as gallbladder hydrops in the control and treatment group rats. Any macroscopically significant change was not detected in the lungs.
Biochemical evaluation revealed a statistically significant difference between Group I and other groups. There was no difference between Group II and III in terms of biochemical parameters. There was, however, a statistically significant difference between Group II and III with regards to the NO value ( Table 1) .
Results of Histopathologic Evaluation:
There was a statistically significant difference between Group I and the others regarding hepatic and pulmonary damage (p<0.05) (Figure 1, 2) . There was no difference among the groups in terms of renal tubular damage (p>0.05) (Figure 3) . While there was a significant difference between Group II and III regarding hepatic and pulmonary damage, but no difference was detected between these two groups in terms of renal damage. All histopathologic findings are summarized in Table 2 . 
DISCUSSION
Obstructive jaundice is related to the impairment of bile flow from the liver into the gastrointestinal system due to obstruction in the intra-and extra-hepatic bile ducts. Major hepatic complications of prolonged obstructive jaundice include cholangitis, coagulation defects, biliary fibrosis and cirrhosis as a result of progressive hepatic damage. Complications such as sepsis, renal failure, and pulmonary dysfunction are frequently seen in patients with obstructive jaundice in the post-operative period (15) . The toxic effects of elevated intracellular bile salts and bilirubin lead to portal and systemic endotoxemia, fluid-electrolyte imbalances, and malnutrition (2). Alterations in intestinal flora, intestinal mucosal barrier, and the immune system can be observed since flow of bile to the intestine is blocked (2). There is a correlation between high serum bilirubin levels and operative mortality in patients with jaundice (16) . The most important two factors for morbidity and mortality in the post-operative period for bile duct procedures in patients with obstructive jaundice are sepsis and renal failure (17) . Other conditions that arise in obstructive jaundice are the disorder in the balance of hepatic oxidative antioxidant systems and the increase in lipid peroxidation (3, 18) . The gradual increase in the number of recent studies suggests that prevention of oxidative stress can play a significant role in preventing cholestatic hepatic damage. In a study on the effects of antioxidants in bile duct obstruction, Kawada et al. (19) stated that there was a disorder in the functions of hepatic stellate and Kupffer's cells in rats. In that study resveratrol, quercetin, and acetylcysteine have improved the scope of the damage caused by the regulatory functions of these two cells. This effect was associated with the antioxidant features of the agents used. Based on this, we investigated the effects of proanthocynidin, which is a potent antioxidant, on obstructive jaundice.
For the last 2-3 decades, it has been known that oxygen freeradicals (OFR) play a role in several pathologies including cancer (20) . OFR are produced by parenchymal, endothelial and inflammatory cells. Their cytotoxic effects emerge when their levels are elevated and they are released out of the cell. The decrease in oxygen free-radical levels also lead to a decrease in tissue damage and accelerate healing (20) . If oxidants surpass certain levels or if antioxidants prove to be insufficient, that is if the balance is lost; then protein, lipid, carbohydrate, nucleic acid, and enzymes, which are the structural elements of the organism, are impaired. In many diseases, elevated levels of reactive oxygen radicals (ROR) are not the main cause of the disease. They, however, are formed secondary to the primary disorder and subsequently play a part in pathogenesis (21) . Proanthocyanidins are natural, potent antioxidant substances (22) . Their antioxidant properties are very strong, Bagchi et al. (10) reported that they were stronger than Vitamin C, Vitamin E, and β-carotene (23). The inhibition level of the superoxide anion and hydroxyl radical by 100 mg/L concentration of grape seed proanthocyanidin extract was found to be 78% and 81%, respectively. It yielded a better antioxidant effect than same dosage of Vitamin C (12% vs 19%) or Vitamin E (36% vs 44%) (22) . Furthermore, proanthocyanidin has also been reported to have anti-carcinogenic, anti-inflammatory, anti-bacterial, anti-viral, cardioprotective, and immune system stimulant properties by inhibiting phospholipase A2, cyclooxygenase, and lipooxygenase enzymes (22, 23) . When the MDA and NO levels, which show lipid peroxydation following obstructive jaundice, were compared it was found in our study that both parameters were significantly low in the sham group. However, there was no statistically significant difference in MDA levels of the treatment group in comparison to the control group. There was significant difference in the treatment group in comparison to the control group with regards to NO levels. Our study results indicated that proanthocyanidin decreases lipid peroxidation, oxidative stress, neutrophil migration, and pulmonary damage.
Obstructive jaundice is associated with biliary infarctions and portal changes. Biliary infarction is related to the ductal damage due to increased biliary pressure, the direct effect of bile components on hepatocytes, and the indirect effects of bilirubin and bile acids in the blood (24) . Edema, and neutrophil and lymphocyte infiltration can be observed in the first week following obstruction. Portal inflammation and bile duct proliferation in the periportal area can also be seen (24) . In our study, there was a statistically significant decrease in the treatment group in terms of liver micro-abscess and necrosis as compared to the control group (p<0.05). We determined that proanthocyanidins, which were selected due to their antioxidant properties, yielded a significant improvement on histopathologic disorders in obstructive jaundice. However, this improvement was not reflected in biochemical parameters and did not reach statistical significance. We also identified a significant improvement in the treatment group regarding NO levels, which are the best indicators of an antioxidant effect.
Chang and Ohara (25) detected cells resembling large mononuclear macrophages containing latex particles in the pulmonary capillaries of lung parenchyma in rats with obstructive jaundice. In these rats with obstructive jaundice, there was an increase in intravascular phagocytosis that led to pulmonary edema, which was reported to cause an inclination for sepsis and ARDS. We observed a significant decrease in pulmonary neutrophil leukocyte infiltration in the treatment group in comparison to the control group (p<0.05). Although the etiology of renal function disorders in obstructive jaundice is yet to be known, it has been suggested that cellular and extracellular hypovolemia, increase in oxygen free radicals, and decrease in antioxidant functions play a significant role (26, 27) . While there was a decrease in the scope of renal tubule damage in the treatment group of our study, it was not statistically significant.
CONCLUSION
In conclusion, we have shown in our study that proanthocyanidin administration significantly decreased liver microabscess and necrosis as well as neutrophil migration in the lungs in obstructive jaundice. Furthermore, we have demonstrated that although it did not reach statistical significance, proanthocyanidin administration also reduced renal tubule damage. This improvement was also detected in NO levels. We concluded that proanthocyanidin is a natural antioxidant that is effective in reducing the scope of tissue damage caused by oxygen free radicals.
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